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BACKGROUND: Metabolic syndrome (MetSyn) predicted future development of World Trade
Center lung injury (WTC-LI) in a subgroup of firefighters who never smoked and weremale. An
intracohort validation of MetSyn as a predictor ofWTC-LI is examined in the cohort exposed to
the World Trade Center (WTC) that has been followed longitudinally for 16 years.

METHODS: Results of pulmonary function tests (n¼ 98,221) inworkers exposed to theWTC (n¼
9,566) were evaluated. A baseline cohort of firefighters who had normal FEV1 before 9/11 and
who had had serum drawn before site closure on July 24, 2002 (n¼ 7,487) was investigated. Case
subjects with WTC-LI (n¼ 1,208) were identified if they had at least two measured instances of
FEV1 less than the lower limit of normal (LLN). Cox proportional hazardsmodeled earlyMetSyn
biomarker ability to predict development of FEV1 less than the LLN.

RESULTS: Case subjects were more likely to smoke, be highly exposed, and have MetSyn.
There was a significant exposure dose response; the individuals most highly exposed had a
30.1% increased risk of developing WTC-LI, having MetSyn increased risk of developing
WTC-LI by 55.7%, and smoking increased risk by 15.2%. There was significant interaction
between smoking and exposure.

CONCLUSIONS: We validated the usefulness of MetSyn to predict future WTC-LI in a larger
population of individuals who were exposed. MetSyn defined by dyslipidemia, insulin resistance,
and cardiovascular disease suggests that systemic inflammation can contribute to future lung
function loss. CHEST 2019; 156(3):486-496
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Source Cohort
N = 7,487

• FEV1 ≥ LLN before 9/11
• Serum drawn before 7/24/02
• All available predictors

WTC Health Program Cohort
N = 9,566

Exposed rescue and recovery workers
who enrolled and provided consent

Participants Excluded 
n = 2,079

N = 11 lacked FEV1 data after 9/11
N = 445 had FEV1 < LLN before 9/11
N = 992 were not firefighters
N = 16 were female subjects
N = 505 had serum drawn after WTC
site closure
N = 110 lacked predictor information

FEV1 < LLN

WTC-LI
N = 1,208

FEV1 ≥ LLN 

No WTC-LI
N = 6,279

Figure 1 – Study design. Fire Department of New York rescue and re-
covery workers exposed to World Trade Center particulates. LLN ¼
lower limit of normal; WTC ¼ World Trade Center; WTC-LI ¼ WTC
lung injury.
Metabolic syndrome (MetSyn) and particulate matter
(PM) exposure are known independent risk factors for
respiratory dysfunction, obstructive lung disease, and
cardiovascular disease. MetSyn is a constellation of risk
factors associated with end-organ disease affecting one-
third of US adults.1,2 Diagnosis is made by having three
or more of following: abdominal obesity, insulin
resistance, hypertriglyceridemia, low high-density
lipoprotein (HDL) levels, and hypertension.1

The link between obesity and lung disease has been
attributed partially to mechanical stress and mass
loading. However, some studies have focused on the
systemic effects of obesity and MetSyn through
hormonal and immunoinflammatory biomarkers in the
context of pollution exposure and respiratory decline.3-9

In the Cardiovascular Health Study, subjects with a
systolic BP (SBP) > 160 mm Hg had significantly lower
FEV1.

10 Smoking also can induce insulin resistance and
contribute to airways disease in the context of MetSyn.11

Mechanistic studies linking MetSyn risk and airway
disease suggest biological plausibility.12-17

We have focused on the well-phenotyped cohort from the
Fire Department of New York (FDNY) exposed to the
WorldTradeCenter (WTC)whowere enrolled in theWTC
Health Program (WTC-HP).18-29 Our group has defined
WTC lung injury (WTC-LI) as the development of FEV1

less than the lower limit of normal (LLN) (< 5th percentile
on the basis of the Hankinson equations).17,19,20,22,30-36 In a
pilot cohort of firefighters who were nonsmoking, had
symptoms, and were exposed to the WTC, MetSyn
biomarkers predicted WTC-LI.20,30,33,37 We now assess the
predictive abilities of MetSyn biomarkers in the
development of WTC-LI in an expanded cohort that is
more representative of FDNY rescue and recovery workers
chestjournal.org
exposed to the WTC. We assess the effects of smoking and
validate these biomarkers to identify prognostic indicators
of disease. This assessment is a vital step in the investigation
of MetSyn as a potentially modifiable risk factor for PM-
associated lung disease.
Materials and Methods
Study Design and End Points

Serial pulmonary function tests (PFTs) were performed in rescue and
recovery workers enrolled in the WTC-HP. Demographic
characteristics, clinical information, and spirometric values were
obtained from the electronic medical record or FDNY WTC
database.38 Of the previously studied (n ¼ 12,781) subjects, 9,566
had consented to physical health research. If pre-9/11 FEV1 was
missing (n ¼ 350), we reviewed subsequent FEV1 values, and we
included them in our source cohort if the first FEV1 % predicted
after 9/11 was $ 80%. We included only firefighters exposed to the
WTC who had normal pre-9/11 FEV1 values; available post-9/11
PFT results; fasting blood drawn or banked before WTC site closure
on July 24, 2002; and available clinical end points, which yielded a
source cohort (n ¼ 7,487) (Fig 1).33 Of this source cohort, 1,180
(15.8%) were from the previously published subspecialty
cohort.19,20,35 All subjects were followed up longitudinally until
August 1, 2017. As a primary end point, case subjects with WTC-LI
(n ¼ 1,208) were identified if their FEV1 was less than the LLN at
least twice during this period; the remaining subjects (n ¼ 6,279)
were those with no WTC-LI. An alternative case definition was
explored as a secondary end point and was defined as subjects
having an FEV1 less than the LLN at any time point (n ¼ 1,999),
and these were compared with subjects with no WTC-LI (n ¼
5,488). The secondary end point was less restrictive and was used to
mirror individuals from our prior work that met our original case
definition of WTC-LI, which similarly included subjects having an
FEV1 less than the LLN at one time point.20

MetSyn Variables
MetSyn diagnosis was based on National Cholesterol Education
Program Adult Treatment Panel III guidelines and optimized for
this study cohort by having at least three criteria: SBP $ 130
mm Hg or diastolic BP (DBP) $ 85 mm Hg, HDL < 40 mg/dL,
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triglycerides $ 150 mg/dL, insulin resistance as glucose $ 100 mg/dL,
or BMI > 30 kg/m2 at WTC-HP entry.39 Glucose also was examined at
levels of $ 126 mg/dL (American Diabetes Association and World
Health Organization guidelines).1,40 Our current analysis uses SBP
and DBP because they are clinically robust biomarkers and more
closely align with MetSyn criteria. BMI > 30 kg/m2 was used as a
surrogate for central adiposity (World Health Organization
guidelines).41 Participants provided written informed consent, and
the study was approved by the Institutional Review Boards of
Montefiore Medical Center, Albert Einstein (07-09-320) and New
York University (11-00439).

Statistical Analysis

We used software (SPSS 23; IBM) for primary data storage and
statistics. Density plots also were developed using software (R
version 3.4.3; R Project). Continuous variables were expressed as
mean (SD) and were compared by using a two-sample t test.
Categorical data were summarized as counts or proportions and
were compared using a Pearson c2 test. Smoking and exposure
intensity were self-reported and collected from annual
questionnaires. Furthermore, because distant history of smoking can
predispose a person to nonresolving inflammation, our primary
488 Original Research
distinction was between ever and never smokers. Smoking data were
categorized into a dichotomous variable of ever or never
smokers.19,20,33-36,42-46 Self-reported arrival time was used as a proxy
for WTC PM exposure; highest in the morning of 9/11, intermediate
during the afternoon, and of lower intensity if workers arrived on or
after 9/12.47 For the primary end point, the survival interval was
determined as time from 9/11 to the time that the second FEV1 was
less than the LLN; for the secondary end-point, the survival interval
was calculated as the time between 9/11 and when the subjects first
had an FEV1 less than the LLN.

Association of the end points and MetSyn, smoking, age, and exposure
level were analyzed using Cox proportional hazard ratios (HRs
[95% CI]). All models were adjusted for age at 9/11 and were
significant if P < .05. Omnibus testing assessed the quality of the
comparisons. Time-to-event curves (Kaplan-Meier curves) were
assessed by means of log-rank tests. Time to divergence in Kaplan-
Meier curves was assessed by means of a t test at each cumulative
year interval after 9/11 for each MetSyn criterion. There was no loss
to follow-up. Individual hazards were plotted against MetSyn criteria
(3-D density plot) for a visual representation of the distribution of
the odds of developing WTC-LI.
Results

FDNY Medical Monitoring and Treatment Cohort
Characteristics

A total of 9,566 rescue and recovery workers who were
exposed were enrolled in the WTC-HP and provided
consent (Fig 1). We evaluated 98,221 PFTs performed in
these subjects. A source cohort of 7,487 had available
post-9/11 PFT and blood measurements at their first
post-9/11 medical monitoring examination. We
included FDNY firefighters with FEV1 greater than or
equal to the LLN before 9/11 with available clinical end
points (BP, lipid levels, and glucose measurements),
demographic information (exposure group, smoking
status), and serum drawn before closure of the WTC site
on July 24, 2002.

WTC-LI Phenotype

Primary End Point: Demographic and clinical measures
of WTC-LI case subjects (n ¼ 1,208) and control
subjects (n ¼ 6,279) were compared (Table 1). Case
subjects and control subjects were not significantly
different in age, race, total duration at the site, SBP,
glucose level, low-density lipoprotein (LDL) level, or
cholesterol level. Case subjects were more likely to have
higher BMI at WTC-HP entry, have MetSyn, be ever
smokers, and have a high-intensity exposure than were
subjects with no WTC-LI. They also had higher DBP
and triglyceride levels and lower HDL levels. Subjects
with WTC-LI who had at least two recorded FEV1 levels
less than the LLN measurements (primary end point)
had a mean (SD) survival interval of 91.2 (53.2) months
after 9/11, whereas subjects with WTC-LI with at least
one FEV1 level less than the LLN (secondary end point)
had a mean (SD) survival interval of 59.1 (64.9) months.

Secondary End Point: Similarly, demographic and
clinical measures were compared for the case subjects
with WTC-LI as defined by the secondary end point and
those with no WTC-LI (Table 1). Similar to the case
subjects for the primary end point, the case subjects for
the secondary end point were not significantly different
in race, total duration at the site, glucose level, LDL level,
or total cholesterol level and had significant differences
in their BMI at WTC-HP entry, exposure, DBP,
triglyceride levels, HDL levels, and spirometric values at
both time points when compared with case subjects with
no WTC-LI. However, these case subjects differed from
the case subjects for the primary end point in that their
age on 9/11 and SBP were significantly different
compared with those with no WTC-LI (Table 1).

Comparison of Primary and Secondary End Point
Case Subjects: The entire population of those with an
FEV1 less than the LLN at least twice (primary end
point; n ¼ 1,208) is included in the secondary end-point
population whose FEV1 was less than the LLN at least
once (n ¼ 1,999). There was no significant difference
between the populations as defined by these two end
points in age, BMI, smoking, race, exposure, duration at
site, SBP, DBP, glucose levels, triglyceride levels, HDL
levels, LDL levels, cholesterol levels, or percentage who
met MetSyn criteria (Table 1). There was a statistically
significant difference in spirometric values before 9/11
and at WTC-HP entry (P < .001 for all values except for
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TABLE 1 ] Clinical Measures for First and Second End Points

Measure

WTC-LI

None (n ¼ 6,279)

P Valuea

First End Point
(n ¼ 1,208)

Second End Point
(n ¼ 1,999)

First End
Point

Second
End Point

Age on 9/11, y 39.3 (7.3) 39.3 (7.3) 39.6 (7.5) .152 .029

BMI kg/m2 (at WTC-HP entry) 29.0 (3.6) 28.9 (3.4) 28.5 (3.2) < .001 < .001

Ever smokers, No. (%) 476 (39) 758 (38) 2,246 (36) .016 .090

Race, No. (%)

White 1,148 (95) 1,882 (94) 5,894 (94) .184 .195

African American 20 (2) 41 (2) 172 (3)

Hispanic 37 (3) 71 (4) 195 (3)

Asian or Other 3 (0.2) 5 (0.3) 18 (0.3)

Exposure group, No. (%)

Morning of 9/11 225 (19) 378 (19) 1,022 (16) .006 .001

Afternoon of 9/11 675 (56) 1,090 (55) 3,392 (54)

After 9/12 308 (26) 531 (27) 1,865 (30)

Total duration, mo 3.7 (2.7) 3.8 (2.7) 3.7 (2.7) .376 .051

BP, mm Hg

Systolic 117.7 (13.0) 117.7 (13.0) 117.0 (12.4) .072 .013

Diastolic 74.0 (8.7) 73.9 (8.6) 73.3 (8.4) .016 .013

Glucose, mg/dL 91.6 (14.9) 91.9 (14.9) 91.7 (14.0) .924 .433

Lipids, mg/dL

Triglycerides 198.0 (136.4) 198.7 (143.2) 183.8 (136.7) .001 < .001

HDL 47.2 (11.8) 47.1 (11.6) 48.2 (11.8) .007 < .001

LDL 128.2 (33.7) 128.0 (33.7) 128.6 (33.5) .749 .384

Cholesterol, mg/dL 212.3 (38.7) 211.6 (38.6) 210.9 (38.7) .250 .505

MetSyn definition, No. (%) 280 (23) 460 (23) 1,173 (19) < .001 < .001

Pre-9/11 FEV1 % predicted 93.7 (8.8) 96.5 (10.2) 108.4 (12.4) < .001 < .001

FVC % predicted 90.6 (9.6) 92.4 (10.1) 101.2 (11.7) < .001 < .001

FEV1/FVC 82.9 (5.7) 83.6 (5.5) 85.6 (4.7) < .001 < .001

WTC-HP entry FEV1 % Predicted 84.3 (10.0) 86.3 (10.8) 100.2 (12.3) < .001 < .001

FVC % Predicted 82.5 (9.7) 83.9 (10.5) 94.1 (11.4) < .001 < .001

FEV1/FVC 82.0 (6.0) 82.4 (6.0) 84.9 (4.8) < .001 < .001

Data are presented as mean (SD) unless otherwise indicated. Percentages do not necessarily sum to 100% because of rounding. HDL ¼ high-density
lipoprotein; LDL ¼ low-density lipoprotein; MetSyn ¼ metabolic syndrome; WTC-HP ¼ World Trade Center Health Program; WTC-LI ¼ WTC lung injury.
aP values were calculated by means of a t test or c2 test, as appropriate, between the end point indicated and the population with no WTC-LI, respectively.
FEV1/FVC at WTC-HP entry, which was P ¼ .04).
Those with a value less than the LLN at least once had
slightly higher FEV1 % predicted, FVC % predicted, and
FEV1/FVC than did those with a value less than the LLN
at least twice.
Model Development

Cox proportional hazard models were used to estimate
the HRs of individual components of MetSyn on the
development of WTC-LI (Table 2). Most components of
MetSyn were significant individual risk factors in the
chestjournal.org
development of WTC-LI. The highest risks of having
FEV1 less than the LLN at least twice were associated
with BMI $ 30 (33% increased risk), DBP $ 85 mm Hg
(26%), and triglycerides $ 150 (23%). Both cut points of
glucose (American Diabetes Association guidelines)
were not significant.1,39,40 These associations maintained
significance for both primary and secondary end points.

The final model used the total number of MetSyn risk
factors to avoid effects from multicollinearity because
many of the definitional components of MetSyn (such
as SBP and DBP) are related intrinsically to each other
489
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TABLE 2 ] Cox Adjusted Univariate Hazard Ratios (95% CI)

MetSyn Variable

FEV1 Less Than Lower Limit of Normal

At Least Twice First End Point (n ¼ 1,208) At Least Once Second End Point (n ¼ 1,999)

BMI $ 30 kg/m2 1.33a (1.18-1.49) 1.24a (1.13-1.36)

Lipids, mg/dL

HDL < 40 1.17a (1.03-1.33) 1.20a (1.09-1.32)

Triglycerides $ 150 1.23a (1.09-1.37) 1.26a (1.15-1.38)

BP, mm Hg

Systolic $ 130 1.17a (1.02-1.35) 1.14a (1.02-1.27)

Diastolic $ 85 1.26a (1.05-1.52) 1.18a (1.02-1.37)

Glucose, mg/dL

$ 100 1.00 (0.87-1.16) 1.05 (0.94-1.18)

$ 126 1.31 (0.88-1.97) 1.34 (0.98-1.85)

See Table 1 legend for expansion of abbreviations.
aSignificant hazard.
(Fig 2).48 This analysis examined the contribution of
BMI to the development of WTC-LI as a component of
the MetSyn criteria. Increasing age was associated with a
small but significant reduction of risk by 1% for every
additional year. Smoking increased risk of developing
WTC-LI by 15.2%. The final model had a significant
exposure dose response; the individuals who were most
highly exposed who were present on the morning of
9/11 had a 30.1% increased risk of developing WTC-LI
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Figure 2 – MetSyn final model hazard ratios. The final model was
adjusted for age at 9/11, smoking, and exposure. The final model had a
significant exposure dose response (P ¼ .007). There was also a signif-
icant increased risk associated with the number of MetSyn criteria met
in a dose-response fashion (P < .001). MetSyn ¼ metabolic syndrome.
See Figure 1 legend for expansion of other abbreviation.
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and an 18.7% increased risk if the individual arrived in
the afternoon of 9/11 compared with values in the least
exposed group. There was also a significant increased
risk associated with the number of MetSyn criteria in a
dose-response relationship. Having one or two of five
MetSyn criteria would increase risk by 30.2% and 30.5%,
respectively; having three or more criteria increased the
risk of developing WTC-LI by 55.7%. There was a
significant interaction between most highly exposed and
smoking (P ¼ .03). These relationships were maintained
at the secondary end point.

Case subjects with MetSyn began diverging from the
cohort at approximately year 3 after exposure (Fig 3A).
Having one or two MetSyn risk factors overlapped but
had significant separation from zero risk factors; having
three or more MetSyn risk factors showed separation
from all other groups (log-rank P < .001). A 3-D density
plot was used to visualize the distribution of the cohort
(Fig 3B).Many of the population with zeroMetSyn points
had anHR< 1, indicating potential protective effects. The
populationwith three ormoreMetSyn risk factors had the
highest hazards of developing of WTC-LI of the cohort.

Additionally, we assessed Kaplan-Meier curves for each
of MetSyn biomarker (Fig 4). Divergence analyses at
each year interval were calculated by using a t test and
showed significant difference in disease-free survival
curves in HDL < 40 and triglycerides $ 150 at 10 and 6
years, P ¼ .014 and < .0001, respectively (Figs 4A, 4B).
BMI > 30 showed significant separation at 6 years (P <

.001) (Fig 4C). Hypertension (either SBP $ 130 or
DBP$ 85) showed significant separation at 6 years (P ¼
.032 and .020) (Figs 4D, 4E). Smoking did not show
[ 1 5 6 # 3 CHES T S E P T EM B E R 2 0 1 9 ]
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Figure 3 – A, Kaplan-Meier curve shows MetSyn criteria stratified time to development of WTC-LI. Cumulative disease-free survival is expressed on
the y-axis and time in years from their WTC exposure is on the x-axis. B, A 3-D density plot of hazard ratio and number of MetSyn criteria met
demonstrates a large proportion of patients with zero MetSyn criteria with hazards < 1, in contrast to those with three or more MetSyn criteria who
had more significant risk of developing WTC-LI. See Figure 1 and 2 legends for expansion of abbreviations.
significant separation until 13 years after 9/11 (P ¼ .020)
(Fig 4F). There was no significant change point between
morning and afternoon exposure on 9/11, but morning
of 9/11 and after 9/12 had a separation at 5 years and
between afternoon of 9/11 and after 9/12 had a
separation at 6 years (P ¼ .007) (Fig 4G). Insulin
resistance as measured by means of fasting serum
glucose levels was not a significant risk factor.

Discussion
The FDNY cohort exposed at the WTC continues to
have their health adversely impacted even after 16
years.49-51 Our previous pilot study focused on the
contribution of MetSyn to the development of WTC-LI
in a select group of nonsmokers requiring subspecialty
pulmonary evaluation.22 To our knowledge, our current
work is the first study to validate MetSyn biomarkers as
a predictor of WTC-LI in a more representative cohort.
Our study indicates that MetSyn predicts WTC-LI, in
contrast to other studies that purport possible lung
injury predicting incident MetSyn.52 We show this
temporality based on blood samples drawn early in the
disease process, up to site closure on July 24, 2002,
whereas the diagnosis of WTC-LI is after at least two
PFT results showing a consistent FEV1 less than the LLN
(mean of 92 months after 9/11). Dyslipidemia maintains
its ability to predict WTC-LI in the larger cohort
chestjournal.org 49
exposed to WTC PM. To our knowledge, ours is also the
longest longitudinal study to show that MetSyn risk
factors impart a higher risk of developing loss of FEV1

than does either PM or smoking exposure.

Our earlier model showed that dyslipidemia and heart rate
independently increased the odds of developing WTC-LI.
Our current investigation shows the continued associations
of MetSyn biomarkers and WTC-LI. Moreover, we show
that MetSyn biomarkers are more predictive than are
smoking and WTC exposure intensity in predicting the
development ofWTC-LI.MetSyn risk factors are classically
predictors of cardiovascular disease, but their implications
in affecting future lung disease are novel and indicate
reversible risks that may be therapeutic targets.

Similar to the results in our pilot, glucose level was not a
significant predictor of WTC-LI.20 Specifically, there was
no increased risk of lung injury with cut points of either
100 or 126 mg/dL. We had hypothesized in our earlier
work that insulin resistance would be a significant
predictor if sufficiently powered in the larger group. This
validation model suggests that the impact of glucose on
lung function is either indirect or weaker than that of
dyslipidemia. This finding is in contrast to those of other
studies that similarly have investigated insulin resistance
and lung function.53 This result is unlikely to be from a
healthy worker effect, given that the prevalence of
1
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Figure 4 – Cumulative disease-free survival curves by individual metabolic syndrome biomarkers. Cumulative disease-free survival is expressed on the
y-axis, and time in years from World Trade Center exposure is on the x-axis. A, High-density lipoprotein (HDL) (mg/dL). B, Triglycerides (Trig)
(mg/dL). C, BMI (kg/m2). D, Systolic BP (mm Hg). E, Diastolic BP (mm Hg). F, Smoking status. G, Arrival time.
insulin resistance was approximately 18% in both case
subjects and control subjects. Rather, this result may
indicate that dyslipidemia is present earlier in the disease
process than is insulin resistance.
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The study design allowed us to explore multiple aspects
of WTC-LI. In our pilot, we described WTC-LI as FEV1

less than the LLN at the time of subspecialty
evaluation.20 We now confirm in this more
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representative cohort that MetSyn biomarkers remain
valid predictors of developing FEV1 less than the LLN at
a single time point (secondary end point). By using the
stricter definition for WTC-LI of being less than the
LLN at least twice (primary end point), we potentially
have identified a population with greater long-term
pulmonary health consequences of WTC exposure.
Despite having the same baseline demographic
characteristics, those in the primary end-point group
had significantly lower PFT values at baseline and at
WTC-HP entry. Although having slightly lower baseline
PFT values conceivably can increase the likelihood of
developing an FEV1 less than the LLN, the clinical
difference is minute and likely would not have altered
medical treatment.

We confirm the relevance of MetSyn as a risk for a
persistent loss of FEV1 to less than the LLN. Long-term
exposure to PM significantly increases LDL, cholesterol,
and triglyceride levels and decreases HDL levels in
pregnant rats and their offspring.54 Additionally, adult
women exposed to tobacco smoke in utero had higher
triglyceride and lower HDL levels than did unexposed
women, and female adolescents exposed in utero had
significantly higher BMIs and waist circumference
percentiles than did those who were unexposed.55,56 The
constellation of respiratory diseases related to PM
exposure through burn pits, improvised explosive
devices, and sandstorms has been studied extensively
and shows great potential as comparable cohorts.57,58

Ambient pollution in China and its association with
MetSyn also has been investigated.59 Our findings can be
applied to these cohorts to examine the effect of MetSyn
characteristics as a potential screening tool for the
development of future FEV1 less than the LLN.

Using the clinical markers of MetSyn as predictors of
lung disease is advantageous in several ways. These
biomarkers are easily attainable, are cost-effective to
obtain, and can be replicated in many cohorts.
Dyslipidemia, insulin resistance, obesity, and
hypertension are also all potentially reversible causes of
end-organ disease. Extending statin therapy and
increasing glycemic control can be the targets of future
studies.

There are several limitations to this study. Smoking
status was self-reported, and no pack-year history or
secondhand smoke exposure data were available. Also,
case subjects with WTC-LI and control subjects had
significantly different pre-9/11 FEV1 measurements.
However, their average PFT values were well within the
chestjournal.org
clinically expected normal values. It is not within the
scope of this study to examine whether there was some
genetic or innate predisposition to MetSyn or lung
disease. However, studying the relevant multiomics of
this cohort is an active area of research.22 Serum samples
were not available from before WTC exposure or from
when subjects first joined the FDNY.

It remains unclear to what extent, if any, diet, alcohol
consumption, and exercise contributed to the metabolic
signature of subjects with WTC-LI or whether a dietary
modification would be useful in preventing, managing,
or treating WTC-LI and similar processes. Specifically, a
diet that is low in saturated fat intake and has a low ratio
of omega-6 to omega-3 fatty acids may help to correct
high ceramide levels and the imbalance in phospholipid-
derived long-chain polyunsaturated fatty acid
metabolites, which could have downstream beneficial
effects on inflammatory and insulin signaling
pathways.60-62 In patients with advanced lung diseases
such as COPD, branched chain amino acid supplements
improve health outcomes.63,64 Dietary interventions that
have focused on weight loss in patients with obstruction
show improvement of both FEV1 and FVC by as much
as 22% in as little as 15 days.65,66 With use of a very low-
calorie diet, investigators have been able to achieve a 20-
kg loss over a 6-month period; every 10% relative loss of
weight led to a significant improvement of FVC by
92 mL and of FEV1 by 73 mL.67 As patients decreased
their BMI from 37 to 32 kg/m2, the mean morning FEV1

and FVC increased.68 Additionally, a 2008 study showed
the effectiveness of calorie restriction and Mediterranean
diets in reducing lipid levels.69 Although moderating fats
can be essential to maintaining a healthy diet, there is
extensive literature that explores the potential health
benefits of fats, such as n-3 and n-6 polyunsaturated
fatty acids, that are high in a Mediterranean diet.70,71

Additional research is needed to examine the impact of
diet and other modifiable risks on WTC-LI progression.

This study lacks further assessment of biomarkers such
as amylin and leptin.20 In 2004, the Evaluation of COPD
Longitudinally to Identify Predictive Surrogate
Endpoints group investigated the repeatability of 34
biomarkers and found that only some were reproducible
and correlated with measures of lung dysfunction.72

However, we are strongly encouraged by our result that
pathways involved in metabolism have broad impacts on
the immune and hormonal environment in the lung.
Future investigations will seek to validate these
biomarkers in this study’s cohort and identify
mechanistic pathways that lead to WTC-LI.
493
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Examination of the primary end point shows that,
compared with the other MetSyn criteria, having a BMI
$ 30 is associated with the highest risk of developing
WTC-LI. BMI is a surrogate for abdominal waist
circumference, and BMI has been shown to be flawed as
a biomarker in numerous studies.73 However, we also
see that this association is less powerful in the secondary
end point and that dyslipidemia, particularly
hypertriglyceridemia, is a pervasive predictor. We also
showed that the cumulative effect of at least three
MetSyn criteria is more powerful than any one factor
alone. Therefore, we are cautious to not overinterpret
the association of BMI > 30 as the strongest predictor of
WTC-LI. The 3-D plot that shows stratification with
494 Original Research
other components of MetSyn supports this
interpretation.
Conclusions
In summary, we have validated the usefulness of MetSyn
biomarkers as predictors of WTC-LI in a larger more
representative population of firefighters exposed at the
WTC. These biomarkers are associated with
dyslipidemia, insulin resistance, and cardiovascular
disease and suggest MetSyn can contribute to future loss
of lung function. Our data contribute to the growing
body of literature investigating the complex associations
between lung injury and reversible MetSyn risk factors.
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